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Rapid bottom-water circulation changes during the last glacial cycle in the 1 
coastal low-latitude NE Atlantic 2 
 3 
1. Introduction 4 
Greenland ice core records show that climate ameriolation in the North Atlantic and 5 
surrounding regions was not smooth, but included a series of abrupt changes and 6 
reversals (e.g., Dansgaard et al., 1993; Grootes and Stuiver, 1997). Our understanding 7 
of rapid climate changes and the role played by the ocean circulation through heat and 8 
salinity redistribution remains still incomplete. One reason for this is the scarcity of 9 
suitable high sedimentation rate cores, containing appropriate proxy variables able to 10 
clearly solve the timing and phasing of atmospheric and ocean responses during abrupt 11 
climate reversals such as the Heinrich Events, Bølling-Allerød and Younger Dryas, 12 
undermining efforts to document the role played by ocean circulation during these 13 
events. The significance of oceans in globally redistributing heat and their ability to 14 
switch between different states of equilibrium has led to propose that changes in the 15 
Atlantic Meridional Overturning Circulation (AMOC), and associated modes of deep-16 
water formation were responsible for the sharp climate shifts seen in Greenland ice core 17 
records (e.g., Rahmstorf, 2002). Several of these rapic AMOC shifts had a global 18 
imprint detected at different latitudes (Southern Iceland Rise (Thornalley et al., 2011) 19 
the Bermuda Rise (Hall et al., 2011; McManus et al., 2004), the Southern ocean 20 
(Rutberg et al., 2000)). 21 
Due to its location in the easternmost border of the North Atlantic Subtropical 22 
Gyre, the upwelling system off Northwest Africa is very sensitive to variations of the 23 
AMOC (Kim et al., 2012). In addition to surface currents processes (Kim et al., 2012; 24 
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Romero et al., 2008), variations of deep-water conditions underlying this highly 25 
productive area are also recorded in downcore sediments (Filipsson et al., 2011). Hence, 26 
interpreting the record of both surface and deep water conditions as well as the possible 27 
effect of surface water productivity on the geochemical conditions at the sediment-water 28 
interface can deliver important insights for interpretating the local paleoceanographic 29 
setting and its possible extrapolation to other regions of the North Atlantic ocean. 30 
Much attention has been paid to processes and mechanisms occurred during short-31 
term Quaternary climate variations around the NW African region in the lower 32 
atmosphere (de Menocal et al., 2000a; de Menocal et al., 2000b; Kim et al., 2007; 33 
Kuhlmann et al., 2004), and the upper water column (Romero et al., 2008). However, 34 
much less is known about the bottom water processes affecting the sedimentary record. 35 
To assess variations of deep-sea conditions off Mauritania, we extend on Romero et al. 36 
(2008) and Filipsson et al. (2011) and reconstruct redox conditions and their 37 
significance for deep-water circulation during the last glacial cycle in the gravity core 38 
GeoB7926-2. 39 
 40 
2. Materials and Methods 41 
2.1 Core GeoB7926-2: 42 
We present high-resolution records of bottom water conditions off Mauritania for 43 
the last glacial cycle,  obtained from the gravity core GeoB7926-2, 1328cm length 44 
(20°13’N, 18°27’W, 2500 m water depth, Fig. 1).This core was recovered below the 45 
major upwelling region along the northwestern African continent (Romero et al., 2008). 46 
The Mauritanian shelf is generally narrow (about 45-55 km wide) and the continental 47 
slope is about 45 km wide with an average inclination of 2-3°. Numerous small and 48 
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several large canyons are located off the shelf edge (Futterer, 1983). Site GeoB7926-2 is 49 
ideally situated to monitor past variations in the climate and hydrography of northwest 50 
Africa, being on the confluence of different oceanic currents and within the latitudes of 51 
the Intertropical Convergence Zone (ITCZ). In this work, we present results for the 52 
depth interval between 113 and 803 cm (10-24 kyr). The dominant lithology is 53 
foramifer-bearing nanofossil or diatom-ooze, with short intervals marked by clayey and 54 
quartz-bearing parts and a few turbidite layers in the upper 820 cm (Romero et al., 55 
2008). 56 
2.2 Stratigraphy: 57 
The age control for the entire core GeoB7926-2 is based on 17 Accelerator Mass 58 
Spectrometry (AMS) 14C dates determined on monospecific planktonic foraminifera 59 
Globigerina inflata (Leibniz Laboratory for Radiometric Dating and Stable Isotope 60 
Research, Kiel University, Germany), and the oxygen isotope record of the planktonic 61 
foraminifera Globigerina bulloides, (Kim et al., 2012; Romero et al., 2008). The 14C 62 
ages were converted into calendar years using the CALIB REV6.0.0 program with the 63 
marine calibration dataset (MARINE09) (Stuiver et al., 1998). We used the mean ocean 64 
reservoir age of 400 kyr (Bard, 1988) although regional reservoir ages (R) might be 65 
larger due to the upwelling of older subsurface waters (deMenocal et al., 2000b; Kim et 66 
al., 2012). We arbitrarily assumed similar changes in radiocarbon reservoir age 67 
throughout the studied interval though they might have varied through time. For 68 
instance, the marine 14C reservoir age during the Younger Dryas was nearly twice as 69 
large as the modern value due to changes in deep ocean circulation and ocean 70 
atmosphere radiocarbon partitioning (deMenocal et al., 2000a; deMenocal et al., 2000b; 71 
Staubwasser et al., 2002). Based on this model, the main climatic phases are defined as 72 
follow: the Last Glacial Maximum (LGM) occurred between 23 and 19 kyr; Heinrich 73 
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Event 1 (HE1), 18 to 15.5 kyr; Bølling-Allerød (B-A), 15.5 to 13.5 kyr; Younger Dryas 74 
(YD), 13.5 to 11.4 while the Holocene extended from 11.5 kyr onwards.  75 
2.3 Geochemical Proxies: 76 
Inorganic geochemistry record, as a whole, and trace element record in particular, 77 
are scarce in the area off Mauritania. Martinez et al., (1999) provided the most reliable 78 
Mo record tracing long term changes in redox conditions under this upwelling system. 79 
However, no high resolution studies have been carried out to detect abrupt changes in 80 
oceanographic conditions in the region. With the aim of obtaining a high resolution 81 
record for the period between 25.0 and 10.0 kyr, trace elements contents were 82 
determined by bulk sediment geochemical analyses and are used to reconstruct 83 
oxygenation conditions of the depositional environment. Samples were dried and 84 
ground in an agate mortar, homogenized for geochemical analyses and aliquots portions 85 
were used to determine TOC and major and trace element concentrations. TOC 86 
measurements were made at Bremen University, calculated as the difference between 87 
carbon content of the total sample and carbon content after acidification (Romero et al., 88 
2008). Total dissolution of the sample was carried out using HF and HNO3 following 89 
the standard procedures for these samples described in Gallego-Torres et al. [2007]. Al, 90 
Ca, K and Mn contents were determined by Atomic Absorption spectrometry at the 91 
Analytical Facilities of the University of Granada (CIC) using Re and Rh as internal 92 
standards. Trace elements (U and Mo) were measured with an ICP-MS Perkin-Elmer 93 
Sciex Elan 5000 spectrometer (CIC). Coefficients of variation calculated by dissolution 94 
and subsequent analyses of 10 replicates of powdered samples were better than 3% and 95 
8% for analyte concentrations of 50 and 5 ppm respectively. , In order to correct for 96 
detrital variations, all elements were normalized to Al content (Van Der Weijden, 97 
2002).  98 
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Mo and U are used as redox proxies since they change their solubility and stability 99 
depending on their redox state precipitating under reduced oxygen concentration and/or 100 
in the presence of HS- (Algeo and Tribovillard, 2009; Morford et al., 2009; Tribovillard 101 
et al., 2006). U can precipitate under hypoxic conditions forming uraninite as a result of 102 
Fe(II)-Fe(III) bacterial mediated redox boundary (Morford et al., 2009) whereas Mo 103 
precipitates mainly as sulphides on presence of HS-  (Morford et al., 2005; Morford et 104 
al., 2009) thus implying anoxic-sulphidic conditions (Fig. 2 E-F). Their co-variation, 105 
expressed as enrichment factors (Arthur et al., 1990), provides information about 106 
oxygenation in the water column and/or the evolution on the redox conditions and 107 
chemistry of the basin (see Algeo and Tribovillard, 2009 for details). The studied area 108 
should behave similarly to other upwelling areas where the average sea-water Mo/U 109 
ratio can be considered as the “limiting budget” of Mo-U covariation provided that the 110 
water column is neither anoxic nor stagnant throughout. Under these circumstances, 111 
Mo/U seawater ratio represents the maximum rate of fixation meaning anoxic 112 
environment at the sediment-water interface and the redoxcline being slightly above the 113 
seafloor.  114 
Opposite to these two elements, Mn precipitates as oxy-hydroxides in the presence 115 
of free O2 (Thomson et al., 1993). Diagenetic Mn concentration in the sediments 116 
implies oxygen penetration in the sediment and precipitation of oxy-hydroxides when 117 
downward diffusing O2 encounters upwards diffusing dissolved Mn in pore waters from 118 
underlying anoxic sediment column, allowing the reconstruction of re-oxygenation 119 
events (Gallego-Torres et al., 2010; van Santvoort et al., 1996). 120 
K and Ca are used to detect changes in the sedimentary regime. Ca can be 121 
quantified as CO3Ca, thus related to calcareous organism, although a calcite 122 
preservation effect must be considered, and K is mainly derived from detrital material 123 
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(illite and other clay minerals, and feldspars). Total primary productivity is interpreted 124 
from Corg content and Corg AR (Romero et al., 2008). 125 
 126 
3.  Results 127 
Organic matter deposition is represented as Corg content and Corg accumulation rate 128 
(AR) on Figure 2 A and B. Corg show minimum values during early HE1 and high 129 
concentration in the LGM and YD. CorgAR is maximum during the YD, also showing 130 
high values during the early deglaciation (19-17 kyr) and early HE1 (13-11.5 kyr). 131 
K/Al ratio shows high values during the LGM with a sharp decrease coinciding 132 
with the onset of the deglaciation (Fig. 2 C). A progressive increase until the early HE1 133 
is followed by low K/Al ratio from 17.0 to 15.5 kyr. The B-A is characterized by high 134 
K/Al at the onset and a steep decrease, whereas high values define the YD. Ca/Al ratio 135 
presents generally low values during LGM (Fig. 2 D) progressively increasing until the 136 
early HE1. The later part of this event presents relatively low values while the warm B-137 
A period exhibit high Ca/Al ratio. The YD presents low Ca/Al similar to LGM values.  138 
Figure 3 shows Mo to U co-variation expressed as enrichment factors. Most of the 139 
values remain below average oceanic Mo/U ratio (grey line) (Algeo and Tribovillard, 140 
2009) and only during the YD this ratio reaches the seawater threshold. 141 
Redox sensitive elements profiles are also presented on Fig. 2. Almost constant low 142 
values of Mo/Al (Fig. 2 E) and U/Al (Fig. 2 F) are observed throughout the LGM. A 143 
minor increase for Mo and U is recorded around 22.3kyr. Preferential Mn precipitaion 144 
characterizes the period between 19 and 17 kyr. Overlying this Mn peak, Mo/Al and 145 
U/Al progressively increases until the onset of HE1, when a sharp peak of both ratios is 146 
recorded.  Low Mo concentration and generally lower though fluctuating U/Al ratios are 147 
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observed during the B-A, whereas the YD event is again characterized by high Mo and 148 
U with a sharp Mn increase around 12.3kyr.  After the YD, around 11kyr, low Mo, U 149 
and Mn values characterize the transition toward the early Holocene. 150 
 151 
4. Discussion  152 
4.1 Bottom water oxygenation off Mauritania during the last deglaciation 153 
Low Corg  AR (Fig. 2B) evidence that productivity was relatively low during the 154 
early part of the LGM (Romero et al., 2008). The dominance of silicate-poor North 155 
Atlantic Central Waters (NACW) bathing the upwelling area off Mauritania might have 156 
limited diatom production at the time, whereas calcareous organisms, as shown by Ca 157 
values (Fig. 2D), contributed the most to productivity in surface waters (Romero et al., 158 
2008) . Later in LGM, Ca content decreased and higher Corg occurred, but AR remains 159 
constant. More corrosive bottom waters, such as Antartic Bottom Waters (AABW) 160 
(Lippold et al., 2012) might enhanced carbonate dissolution. Very low content of Mo 161 
and U (Fig. 2) indicates high content of O2 dissolved in deep-water masses as well as 162 
downward diffusion into the upper section of the sediment column.  This implies that 163 
ventilation of the deep-water mass off Mauritania at 2500m was efficient enough to 164 
maintain oxic conditions at the sediment-water interface throughout the LGM. 165 
It has been argued that changes in oceanic circulation of the North Atlantic during 166 
the LGM affected mainly surface and intermediate waters (Lynch-Stieglitz et al., 2007), 167 
allowing upwelling of silica-rich waters and enhancing diatom productivity during the 168 
latest LGM and the transition into the glacial termination (see Romero et al., 2008). 169 
Deep-water circulation, on the other hand, remained strong throughout the late LGM 170 
and the onset of the deglaciation (McManus et al., 2004) allowing the good oxygenation 171 
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of the sea bottom at site GoB7926, as evidenced by low trace metal content (Fig. 2G-F), 172 
although deep water masses might have also changed from northerly sourced waters to 173 
southern origin (AABW). 174 
A strong decrease in Corg content (Fig. 2A) characterizes the early stage of the 175 
deglaciation. Higher Corg AR, however, suggests a possible dilution effect related to 176 
higher calcareous production (Romero et al., 2008). Ca content progressively increased 177 
(Fig. 2D) together with detrital material delivery reflected by increasing K/Al ratio (Fig. 178 
2C). Between the early deglaciation and the onset of HE1, the enhanced Mn 179 
precipitation indicates the occurrence of an oxidation front within the sediment, which 180 
might have partially degraded organic matter, similar to the process described for 181 
eastern Mediterranean sapropels (e.g., de Lange and Ten Haven, 1983; Gallego-Torres 182 
et al., 2010). At site GeoB7926, however, this phenomenon occurred in an hemipelagic 183 
basin with much higher accumulation rate than those recorded in the eastern 184 
Mediterranean Sea. Two conclusions can be extracted from the occurrence of this 185 
oxidation front: on one hand, the amount of Corg accumulated must have been greater 186 
than presently measured at site GeoB7926 (e.g., Thomson et al., 1995), while deep-187 
water ventilation, as shown by high Mn and also low U and Mo concentrations (Fig. 2), 188 
must have been strong enough to keep oxic conditions at the sediment-water interface,. 189 
After the LGM, organic matter might have been more efficiently transported and 190 
accumulated due to high sedimentation rate at site GeoB7926 (Romero et al., 2008); 191 
simultaneously, as suggested by the spiky signal of Corg, U/Al and Mn/Al between 18.0 192 
kyr and 17.3 kyr (Fig. 2), high bottom-water ventilation allowed the partial oxidation of 193 
the deposited organic carbon. 194 
The first shift event in redox conditions corresponds to the late HE1 (16 kyr). 195 
Intensified NE trade winds characterized the end of HE1 off Mauritania (Filipsson et al., 196 
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2011), which favored upwelling and diatom productivity in surface waters (Romero et 197 
al., 2008). Corg content during the late HE1 (16 kyr) is higher while Corg AR is lower 198 
than immediately before (19-17 kyr), hence resembling LGM values. Although it was 199 
not the only factor inducing high Corg values, the origin of the organic matter 200 
accumulated in the sediments and the composition of the diatom assemblage (Romero et 201 
al., 2008) might have played an important role in Corg accumulation in the sediment. 202 
Values of precipitated Mo and U (Fig. 2E-F) indicate that sub-oxic to anoxic conditions 203 
ruled at the sediment-water interface during second half of HE1. Water column 204 
stagnation is very unlikely in this oceanic setting, albeit both Mo/Al and U/Al profiles 205 
evidence reducing conditions in bottom sediments from 16.5 through 15 kyr. Additional 206 
support to this scenario is provided by the dominance of the benthic foraminifera 207 
Bulimina exilis at GeoB7926 between 17 and 15kyr, interpreted as evidence for reduced 208 
oxygen conditions at the seafloor (Filipsson et al., 2011). Intense export productivity 209 
could have lead to the consumption of most of the dissolved oxygen in bottom waters, 210 
hence inducing anoxia at the sediment-water interface and the uppermost sediment 211 
column. However, Corg AR during the late HE1 remained relatively low 212 
(<0.5gr/cm2/kyr) compared with previous phases; during the interval between 19kyr-213 
17.3 kyr CorgAR raised up to 1.0gr/cm2/kyr (Romero et al., 2008), although no 214 
precipitation of Mo nor U indicates suboxic conditions. During the HE1 the situation is 215 
opposite; no dramatic increase in Corg AR and high Mo and U precipitation. Hence, we 216 
invoke reduced ventilation, thus slower deep-water currents, during this period. 217 
The relatively warm B-A (15.5-13.5 kyr) experienced an important shift in the 218 
composition of the producers community in surface waters, favoring the primary 219 
production of calcareous over siliceous organisms (Romero et al., 2008). Since AR 220 
remained constant throughout the B-A (Fig. 2) changes in Corg content indicate varying 221 
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degradation of organic matter. Mo/Al values evidences mostly well oxygenated bottom 222 
waters, although the “background” content is higher than both during the LGM and 223 
present day conditions (Martinez et al., 1999). On the other hand, U fixation at site 224 
GeoB7926 was relatively high and fluctuated intensively (Fig. 2F). Since U precipitates 225 
before Mo in the transition from oxic to anoxic conditions (Algeo and Tribovillard, 226 
2009; Tribovillard et al., 2006), the comparison of both parameters indicates slightly 227 
reduced oxygen availability in bottom waters over site GeoB7926, despite the fact that 228 
no HS- was present neither in bottom waters nor in the uppermost sediment layer. 229 
Accordingly, Thornalley et al. (2011) described restricted ventilation during short 230 
duration cold spells occurring during the B-A. We argue that the resumption of strong 231 
deep-water circulation (and possibly ventilation) was not complete during the B-A and 232 
thus the redox boundary was, at least intermittently, very close to the sediment-water 233 
interface at site GeoB7926. This is additionally supported by low Mn values (Fig. 2G) 234 
which indicate that neither Mn was diffusing (upwards) nor O2 was penetrating deep 235 
enough into the sediment.  236 
The YD (13.5-11.5kyr) represents a return to paleoceanographic bottom water 237 
conditions similar to those recorded during the HE1, though this time dissolved oxygen 238 
deficiency was more severe. Maxima in trace element fixation, (Fig. 2E and F), hence 239 
very low oxygen content at  the sea bottom, was also accompanied by high Corg AR 240 
related to increased diatom productivity (Romero et al., 2008) . The sharp decrease in 241 
carbonate sedimentation and the increase in detrital material at the early YD, shown by 242 
enhanced values of K/Al, led to high sedimentation rate, thus low Corg content during 243 
this early phase is possibly due to dilution occurred at site GeoB7926. However, the 244 
progressive rise in diatom productivity in surface waters (Romero et al., 2008) lead to 245 
an increase in Corg content and Corg AR, and reduced oxygen availability at the sea-floor 246 
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(Filipsson et al., 2011). This is further demonstrated by the geochemical signal at site 247 
GeoB7926. Mo/Al and U/Al reach maximum values while their covariation evidences 248 
minimum bottom water oxygenation; data points corresponding to the YD (Fig. 3 black 249 
diamonds) plot along the mean seawater Mo/U line, indicating maximum rate of 250 
fixation of Mo and U, similar to the scenario described by Algeo and Tribovillard 251 
(2009) for other upwelling areas suffering bottom water anoxia. All these geochemical 252 
signals evidence that restricted deep water circulation ruled during this cold interval. 253 
However, in addition to deep-water restriction, strongly increased diatom productivity 254 
in surface waters added its effect to induce bottom water anoxia. Enhanced export 255 
productivity implied intense oxygen consumption accelerating Mo and U fixation in the 256 
sediment (Fig. 2E-F). On the other hand, our Mn/Al profile (Fig. 2G) evidences Mn 257 
precipitation typical of oxidation fronts in the sediment column (de Lange, 1992; 258 
Froelich et al., 1979), indicative of an event of O2 enrichment in bottom waters flowing 259 
upon the area. While high productivity conditions still occurred in surface waters 260 
overlying site GeoB7926, deep-water ventilation was temporarily resumed at the 261 
seafloor during the YD. The core recovery water depth is around the area of maximum 262 
Mn precipitation (e.g., de Lange et al., 2008) and thus short increases of O2 263 
concentration in bottom waters would allow a certain, though depth-limited penetration 264 
of the oxidation front inducing Mn precipitation. This process would also partially 265 
oxidize deposited organic material, explaining the spiky signal of the Corg profile during 266 
the YD. Thus, a pulse of highly oxygenated deep-water flowed over site GeoB7926, 267 
although poorly ventilated seafloor was the rule during the YD. After this cold phase, 268 
deep-water oxic conditions were reestablished in off Mauritania, remaining stable 269 
throughout the Holocene (Martinez et al., 1999). 270 
 271 
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4.2 Deep-water masses circulation in the coastal northeastern Atlantic 272 
The discussed scenarios of bottom waters oxygenation and ventilation conditions 273 
are compared with other published 231Pa/230Th  records (Gherardi et al., 2005; Lippold 274 
et al., 2012; McManus et al., 2004) shown in Fig. 4. The cores used for such 275 
comparison are scattered across the North Atlantic (Fig. 1). Although the use of 276 
231Pa/230Th record has been under debate in the the North Atlantic eastern margin, 277 
Lippold et al, (2012) proved its reliability on core GeoB9508-5, located close to our 278 
studied site. This comparison allows us to propose five phases of different deep-water 279 
masses circulation off Mauritania summarized on Table 1. 280 
1) During the LGM, deep-water circulation must have been more intense than later 281 
during the deglaciation. Although Marchal et al. (2000) suggested a decrease of almost 282 
40% in AMOC, McManus et al. (2004) pointed towards a weak slowdown, while Zhao 283 
et al. (2000) proposed intensified effect of highly oxygenated AABW flowing 284 
northwards. Our interpretation of intense ventilation and O2 availability is coherent with 285 
this later scenario and low Ca content is also consistent with north-flowing more 286 
corrosive AABW (Lippold et al., 2012). Glacial conditions induced restricted North 287 
Atlantic advection allowing AABW to flow northwards in the deeper layers. 288 
2) The first stage of the deglaciation (19.0 to 18.5 kyr) records no noticeable 289 
change in redox conditions (Fig. 2E-F). The transition between the LGM and HE1 is 290 
thought to have experienced circulation conditions very similar to those of the present-291 
day (McManus et al., 2004) and thus this period represents the shift from AABW (Zhao 292 
et al., 2000) to NADW flowing between 1700 and 2500m depth (Gherardi et al., 2005; 293 
Mittelstaedt, 1991), the deepest value corresponding  to the water depth where core 294 
GeoB7926 was retrieved. 295 
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3) Although HE1 event was a cold spell, it is unlikely that AABW (flowing below 296 
4000m depth (Gherardi et al., 2005; Sarnthein et al., 1981) was able to push up to 297 
2500m depth in such a short time interval. In addition, sub-oxic conditions observed 298 
during this period (Fig. 2F) are not consistent with the flow of well-oxygenated AABW. 299 
Instead, the slowdown of the deep North Atlantic circulation is a more plausible 300 
explanation. The collapse of the AMOC between 17.5 and 15kyr (McManus et al., 301 
2004) matches with striking precision with the top and bottom of the Mo/Al peak at 302 
GeoB7926-2 (yellow highlight, Fig. 2E; Fig. 4c). Therefore, we propose that the 303 
slowdown of the AMOC weakened or even prevented regular circulation in the deeper 304 
layers of the coastal NE Atlantic (Table 1) and decreased the ventilation rate at the 305 
seafloor (Filipsson et al., 2011), while high productivity still occurred at surface waters 306 
(Romero et al., 2008).  307 
4) Warmer SST during the B-A period at site GeoB7926 (Romero et al., 2008) 308 
coincides with relatively well oxygenated bottom waters. McManus et al. (2004) 309 
proposed that the AMOC resumed during the B/A, alas their 231Pa/230Th record  shows 310 
slightly higher values than present-day ones (McManus et al., 2004), pointing to a less 311 
efficient AMOC. Likewise, Gherardi et al., (2005) proposed slower deep-water 312 
circulation than nowadays at both eastern and western margins of the North Atlantic 313 
during the B-A. Our results agree with both authors observations and support our 314 
interpretation at site GeoB7926 (Fig. 4 and Table 1). Reconstructed warmer conditions 315 
during the B-A off Mauritania (Kim et al., 2012; Romero et al., 2008) were 316 
accompanied by the resumption of deep-water circulation, though intermittent cold 317 
spells (Thornalley et al., 2011) induced less efficient oxygenation than during the 318 
interval immediately before HE1. 319 
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5) The low O2 availability at site GeoB7926 records the repeated collapse of the 320 
AMOC along the NW African margin during the YD. Reducing conditions were helped 321 
by very intense surface productivity forcing O2 consumption by this excess of exported 322 
organic matter (Filipsson et al., 2011). During the YD, the slowdown of the AMOC in 323 
the North Atlantic was not as intense as during HE1 (McManus et al., 2004). Schmidt 324 
and Lynch-Stieglitz (2011) also recorded the synchronicity of North Atlantic circulation 325 
and atmospheric conditions during the YD based on foraminifera shell composition 326 
from a core recovered on the Florida Strait (Fig. 4b). Benthic foraminifera record from a 327 
core south of Iceland, Thornalley et al. (2011) show that the YD, although globally 328 
characterized by a decrease in deep ocean ventilation (Gherardi et al., 2005; McManus 329 
et al., 2004), was interrupted by a moderate ventilation event between 12.6 and 12.1kyr.  330 
This ventilation event is also recorded on core GeoB7926 as a Mn oxidation front in 331 
between the suboxic phase marked by Mo and U. Thus, the signals of AMOC collapse 332 
and resumption during the YD described on the studied core are easily correlated with 333 
different records across the North Atlantic, reinforcing our interpretation and extending 334 
the reconstruction of AMOC circulation towards the East African margin. 335 
 336 
5. Conclusions 337 
 We highlight the importance of the geochemical record off-Mauritania for the 338 
reconstruction of deep-water paleoceanography and the implication on North Atlantic 339 
Ocean circulation. 340 
Deep-water oxygenation at site GeoB7926 is interpreted in combination with 341 
paleoproductivity in order to reconstruct a balance between oxygen consumption due to 342 
enhanced export productivity and decreased bottom water ventilation. 343 
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Two main phases of decreased ventilation are recognized off Mauritania; HE1 and 344 
YD, both matching with cold spells that prevented normal AMOC (Gherardi et al., 345 
2005; McManus et al., 2004). 346 
We confirm that the phases of AMOC collapse already recorded for the western 347 
part of the low-latitude Atlantic (McManus et al., 2004) are also recognizable in the 348 
eastern part of the Northeastern Atlantic, further supporting the shifts of North Atlantic 349 
circulation in the eastern basin. 350 
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Figure 1. a) North Atlantic Deep Water (NADW); Antartic Bottom Water (AABW);North
Atlantic Central Water (NACW); South Atlantic Central Water (SACW); Canary
Current (CC); North Equatorial Counter Current (NECC). b) Water column disolved
oxygen profile. c) Water column salinity profile. d) Water column silicate profile
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Figure 2: Corg (A) and Accumulation Rate (B) profiles.
K/Al (C) and Ca/Al (D) used as detrital vs. carbonate
sediment supply. Redox sensitive elements; Mo/Al
(E) and U/Al (F) evidence reducing environment.
Yellow boxes highlight AMOC collapse evidenced by
McManus et al. 2004. Yellow-grey bar indicates
reventilation event described by Thornalley et al.
2011.Mn/Al (G) marks diagenetic oxidation fronts.
LGM: Last Glacial Maximum; HE1: Heinrich Event 1;
B-A: Bolling-Allerod; YD: Younger Dryas
Figure 3: Mo to U covariation for three time intervals
relative to average sea water composition at GeoB7926-
2 (off Mauritania, NW Africa). Average sea water ratio
by Algeo and Tribovillard, 2009.
LGM: Last Glacial Maximum; HE1: Heinrich Event 1;
B-A: Bolling-Allerod; YD: Younger Dryas
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Figure 4. Comparison of redox proxies at site GeoB7926 (a), and circulation proxies in
Western-most Atlantic (b), Central and Eastern North Atlantic (c), and Eastern Equatorial
Atlantic (d).
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